were determined in untreated Type 2 (non-insulin-dependent) diabetic patients following the ingestion of foods containing sucrose, glucose, fructose or lactose in portions that contained 50 g of carbohydrate. The results were compared to those obtained following the ingestion of pure fructose, sucrose, glucose + fructose and lactose. The objectives were to determine 1) if the glucose response to naturally occurring foods could be explained by the known carbohydrate content, and 2) whether the insulin response could be explained by the glucose response. The glucose response was essentially the same whether the carbohydrate was given as a pure substance, or in the form of a naturally occurring food. The glucose response to each type of carbohydrate was that expected from the known metabolism of the constituent monosaccharides. The glucose areas following the ingestion of the foods were: Study1: glucose 11.7, orange juice 7.3, sucrose 5.2, glucose + fructose 6.3, and fructose 0.7 retool, h/1; Study 2: glucose 14.6, orange juice 7.3, apples 5.5, and apple juice 4.7 mmol. h/l; Study 3: glucose 12.6, ice cream 8.1, milk 3.7, and lactose 4.1 mmol. h/1. The insulin response was greater than could be explained by the glucose response for all meals except apples. Milk was a particularly potent insulin secretagogue; the observed insulin response was approximately 5-fold greater than would be anticipated from the glucose response. In summary, the plasma glucose response to ingestion of fruits and milk products can be predicted from the constituent carbohydrate present. The serum insulin response cannot.
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There is considerable interest in the plasma glucose response to carbohydrate containing foods as a basis for dietary recommendations for diabetic patients. This has been stimulated by the studies of Otto et al. [11 and Jenkins et al. [2] . They have determined the plasma glucose response to a standardized amount of carbohydrate present in a variety of different foods. Considerable differences in the response have been noted. We have been interested in rationalizing the plasma glucose response to different carbohydrate containing foods based upon the chemical composition, physical state, and the known digestibility of the major carbohydrate present in a food, as well as the metabolic response to the ingested carbohydrate. Principles derived from such studies should obviate the need to test the plasma glucose response to a large number of different carbohydrate containing foods and allow simplification of dietary recommendations for persons with diabetes. In addition, we have had a keen interest in the serum insulin response to different types of foods, since this information also could be useful in the design of a dietary regimen for Type 2 diabetic patients [3, 4] .
In this communication we present plasma glucose and serum insulin data obtained following single meal ingestion of 50 g of either fructose, sucrose, a mixture of fructose + glucose or lactose. The results are compared with those obtained following the ingestion of foods in which these mono-and disaccharides represent the major carbohydrate present. Data were obtained for 5 h after ingestion of the meal, since we previously had shown that this is the time required for the plasma glucose concentration to return to a fasting value after ingestion of 50 g glucose in such patients. An additional reason for studying patients for 5 h is that the serum insulin concentration frequently is still modestly elevated at that time, so a more accurate assessment of the overall insulin response is obtained.
Subjects and methods
Thirteen untreated diabetic subjects were studied in a metabolic unit. All the subjects met the National Diabetes Data Group criteria [5] for the diagnosis of Type 2 diabetes mellitus. The mean age was 61 + 3 years with a range of 37 to 73 years. The mean body mass index was 11. C.S.
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32.2 + 1.4 kg/m ~. All the subjects signed an informed consent form, and the study was approved by the Medical Center Committee on Human Subjects. All the participants had ingested a diet containing at least 200 g carbohydrate per day with adequate food energy for three days prior to testing. None of the subjects were on treatment with either oral hypoglycaemic agents or insulin prior to study. In general, these individuals were sedentary. Some of the pertinent clinical characteristics of these patients are listed in Table 1 .
After an overnight fast of 8-10 h, an indwelling catheter was inserted into an antecubital vein and kept patent with 100 U heparin flushed into the catheter after each sample was obtained. Test meals were given at 08.00 hours.
Three studies were done: Study 1 (Sucrose Foods). Seven Type 2 diabetic subjects, mean age 61+3 years (range 53-72) with a mean body mass index of 32.1 + 2.1 kg/m ~, were given a meal containing 50 g carbohydrate as glucose, fructose, orange juice, or 25 g glucose+25 g fructose, or 47.5 g sucrose in random order. The glucose was given as a standard glucose solution. The sucrose and fructose (purchased from Sigma Chemical Company, St. Louis, Mo, USA) were dissolved in approximately 0.241 of water. The orange juice was a frozen concentrate reconstituted to 0.501. The glucose, fructose and sucrose were supplemented with 0.241 of water to equalize the volume. The orange juice contained 3 g protein and only a trace of fat per 50 g carbohydrate as calculated from food tables [6, 7] . The carbohydrate in orange juice is approximately half glucose and half fructose, either free or as the dissacharide sucrose [8] .
Study 2 (Sucrose Foods). Seven Type 2 diabetic subjects, mean age 60+4 years (range 37-69) with a mean body mass index of 31.9 + 1.6 kg/m 2, were given in random order a meal containing 50 g carbohydrate as glucose, brange juice, apple juice or raw apples, as calculated from food tables [6, 7] . The glucose was given as a standard solution. The orange juice was given as indicated for Study I. The volume of apple juice ingested was 0.421. Raw ripe apples were sliced and eaten with the skin still intact. The apple juice contained a trace protein and 0.4 g fat. The raw apples contained 1.3 g protein and a trace fat.
Two of the subjects in Study 1 were tested with apples and apple juice and are included as subjects in Study 2.
Study 3 (Lactose Foods). Seven Type 2 diabetic subjects, mean age 64+3 years (range 53-73) with a mean body mass index of 32.2 + 1.7 kg/m 2, were given in random order a meal consisting of 50 g carbohydrate as glucose, skim milk, lactose or ice cream as calculated from food tables [6, 7] . The glucose was given as a standard glucose solution. The lactose was a powder dissolved in 0.951 of water (a-lactose purchased from Sigma Chemical Co., St. Louis, Mo, USA). The volume of skim milk given also was 0.951. The ice cream was served frozen with up to 0.471 of water or decaffeinated coffee. The skim milk contained 34 g protein and 1 g fat per 50 g carbohydrate serving.
The ice cream carbohydrate was 67% sucrose and 33% lactose. It also contained 7.4g protein and 13.2g fat (milk and butter fats) per 50g carbohydrate.
For all studies, blood for glucose and insulin was drawn at 0, 30, 60, 120, 180, 240 and 300 min after the ingestion of the test meal. Plasma glucose was determined by a glucose oxidase method using a Beckman glucose analyzer (Beckman Instruments, Inc., Fullerton, Calif, USA). Serum immunoreactive insulin was measured by a standard double antibody radioimmunoassay (RIA) method using kits produced by Endotech, Inc., Louisville, Ky, USA.
The test meal was given for breakfast. The remainder of the day the patient consumed a regular hospital diet ad libitum. This diet provides 2600 KCal, with approximately 280 g carbohydrate, 105 g protein, 115 g fat and 15-20g fibre. The patients selected the amount of food they wished to eat each day from this diet. The time between the test meals was variable, but generally the breakfasts were consumed on sequential days for up to 5 days. After 2-3 days of regular hospital meals, the patients participating in more than one study were tested again.
The glucose and insulin areas above the fasting baseline were determined by planimetry. Areas below the baseline were subtracted from areas above the fasting baseline to give a net area.
The relationship between the glucose response to a test meal and the glucose and insulin response to 50 g glucose was used to predict the insulin response to a test meal. The following formula was used:
Glucose Area for Glucose Insulin Area for Glucose
Glucose Area for Test Insulin Area for Test
Where: Glucose Area for Glucose ~ the measured area under the glucose curve following the ingestion of 50 g glucose Insulin Area for Glucose=the measured area under the insulin curve following the ingestion of 50 g glucose Glucose Area for Test=the measured area under the glucose curve following the ingestion of the test meal Insulin Area for Test is calculated based on the 3 values listed above,
The predicted insulin value using the above formula was compared to the observed insulin area for each meal.
Statistical analysis
Student's two-tailed t-test for paired variates was used for analysis of statistical significance. Significance was established at p < 0.05. Data are presented as the mean_+ standard error the mean (SEM). Serum insulin. Following the ingestion of glucose (Fig.2) , the mean serum insulin increase was 37+ 11 IxU/ml at i h from a basal value of 19 _+ 1 ~U/ml. It then decreased slowly to near a basal level by 5 h. After the ingestion of sucrose, the serum insulin peak was similar, but occurred at 30 min. Following the ingestion of glucose + fructose, the peak was somewhat less than after glucose; after the ingestion of orange juice, it was the greatest observed with these meals (44+ 11 gU/ml above baseline). The increase after orange juice was significantly greater than after glucose plus fructose ingestion (p < 0.05), but it was not significantly greater than for sucrose or glucose. Following the ingestion of fructose, the maximal serum insulin was significantly lower than the peak values for any of the other meals (p < 0.05).
Results
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Glucose and insulin areas. The mean glucose area integrated over the 5 h of study following the glucose meal was significantly greater (p < 0.01), and the area for the fructose meal was significantly smaller (p < 0.01), than the other meals (Fig. 3) . The mean insulin area integrated over the 5 h of study following the glucose meal was significantly greater than the mean areas for the other 4 meals (p < Predicted vs observed insulin area. The difference between the predicted and observed insulin area was significantly different for sucrose (p < 0.05) and fructose (p < 0.05) compared to glucose (Fig. 4) .
Sucrose foods (Study 2)
Plasma glucose. Following the ingestion of 50 g glucose (Fig. 5 ) the mean plasma glucose increased by 6.2+ 0.7 mmol/1 at I h from a mean basal level of 8.6 + 0.6 mmol/l in this group of subjects. It then returned to the fasting level at 5 h. Following the ingestion of raw apples, apple juice and orange juice, the increase was less; the glucose concentration returned to, or below, the baseline by 4 h. The peak value for the apples and apple juice were significantly less than for the glucose meal (p < 0.01).
Serum insulin. Following the ingestion of glucose, the serum insulin increased by 55 _+ 17 FU/ml at 1 h from a mean initial concentration of 19 +_ I ~tU/ml (Fig.6) . It then decreased, but rentained above the fasting level at 5 h. After the ingestion of orange juice, the rise was modestly greater and the decrease was more rapid. Following the ingestion of the raw apples and apple juice, the insulin rise was much less than following glucose or orange juice, and returned to baseline by 5 h. The peak values for apple and apple juice were significantly less than for the glucose meal (p < 0.05).
Glucose and insulin areas. The mean glucose concentration integrated over the 5 h of study for the 50 g glucose meal was significantly greater than the mean area for orange juice, apples and apple juice (p < 0.01) (Fig.7) . The mean glucose area following ingestion of orange juice was significantly less than the mean area for glucose (p < 0.01), and significantly greater than the mean area for apples and apple juice (p < 0.01). The areas under the insulin curves were similar for glucose and orange juice, but significantly less for apples and apple juice (p < 0.01).
Predicted vs observed insulin area. The difference between the predicted and observed insulin area was different for orange juice (p < 0.02) and apple juice (p < 0.01) (Fig. 4) .
Lactose foods (Study 3)
Plasma glucose. The mean fasting plasma glucose was 8.9 + 0.7 mmol/1 for the 50 g glucose meal. Following the ingestion of 50 g glucose, the plasma glucose increased by 5.5 ___ 1.1 mmol/1 at 1 h (Fig. 8) . It then returned to the basal level after 4 h. Following the ingestion of 50 g carbohydrate as milk, or 50 g lactose, the increase in plasma glucose was less than for glucose ingestion alone; it decreased to basal levels by 3 h, and then continued to decrease to a level 1.2 + 0.2 mmol/1 below basal levels at the end of 5 h. Following the ingestion of 50 g carbohydrate as ice cream, the plasma glucose response was intermediate between glucose alone and lactose or ice cream, returning to baseline at 4 h.
Serum insulin.
Serum insulin responses to glucose and ice cream were similar. There was an increase of 36 _+ 10 ~tU/ml at J h after the ingestion of glucose from a basal level of 19 + 1 ~tU/ml (Fig.9 ), followed by a slow decrease toward basal levels. After the ingestion of milk, the serum insulin increased by 54+ 12 p,U/ml at 1 h. It then returned to near basal levels by 5 h. Following the ingestion of lactose, the serum insulin response was much less than with the other 3 meals and returned to baseline by 3 h.
Glucose and insulin areas. The mean glucose concentration integrated over the 5 h of study for the 50 g glucose meal was 12.6+l.6mmol.h.1 -t (Fig.10) . The plasma glucose area for glucose was significantly greater than for the other 3 meals (p < 0.05 for ice cream, p < 0.01 for milk and lactose). The mean plasma glucose area for the ice cream was signifcantly greater than that for the lactose meal (p < 0.05). The mean serum insulin area integrated over the 5 h of study for the 50 g glucose meal was 86 + 13 lxU. h. ml-1. The mean insulin areas for glucose, milk and ice cream were not significantly different from each other. The mean insulin area for the lactose was significantly smaller than for the other 3 meals (p <0.05 for ice cream, p < 0.01 for milk and glucose).
Predicted vs observed insulin area. The difference between the predicted and observed insulin area was significantly different for milk (p < 0.05) (Fig. 4) . The observed value for skim milk was approximately five-fold greater than the predicted.
Discussion
Several investigators have reported that fructose ingestion results in a plasma glucose rise which is considerably less than that following the ingestion of a comparable amount of glucose by normal [9] [10] [11] , glucose intolerant, or non-insulin-requiring mildly diabetic persons [11] . However, the difference in glucose areas was not quantitated. In the present study, the plasma glucose area above the fasting baseline after fructose ingestion, integrated over 5 h, was only 6% of that determined after glucose ingestion. These results are as might be expected if the metabolism of fructose in humans is similar to that in rats. Current evidence indicates that rats and humans are similar in this respect [12, 13] . In the rat, the rate of fructose absorption is only 40% as fast as for glucose. This slow absorption of fructose ensures that fructose reaching the liver can be rapidly removed and metabolized without producing toxic effects in the liver [14, 15] . The greater rise in insulin concentration relative to the rise in glucose concentration noted in the present study should facilitate a rapid removal of glucose by muscle and its storage as glycogen [16] .
The glucose area determined after ingestion of an equimolar mixture of glucose and fructose was 54% of the area resulting from ingestion of the same total amount of hexose given as glucose alone. These data agree with the data obtained with glucose and fructose independently. Sucrose, consisting of equimolar fructose and glucose as the disaccharide, and orange juice, which contains approximately equal amounts of fructose, glucose and sucrose [8] , produced glucose areas similar to that of the glucose and fructose mixture. These results could be anticipated from the composition of the sugars present. The rate of sucrose hydrolysis in the gut exceeds the rate of glucose and fructose absorption [17] . This observation helps explain the similarity of the responses to sucrose and the glucose-fructose mixture.
The similarity of the peak glucose following sucrose ingestion to that found following glucose ingestion is consistent with previous data indicating that the duration of increased glucose concentration correlates better with the amount of glucose consumed rather than the maximal glucose rise [18, 191 . The contrast between these similar peak results for glucose and sucrose compared to the different 5-hour glucose areas for the two sugars indicates the importance of examining areas for five hours. This may also explain why others have reported post-sucrose meal glucose areas which approach those of a glucose meal. In the latter studies, the glucose concentration was only determined for 2-3 h after the meal [20] [21] [22] [23] . One would expect, that the shorter the time interval studied, the less difference between the two would be found (manuscript in preparation).
The carbohydrate in apple juice is a mixture of about two-thirds fructose and one-third glucose (fructose 65%, glucose 35%) [24] . Thus, the modestly smaller post-meal glucose area following the ingestion of apples and apple juice (38% and 32% of the glucose area) (Fig. 7) compared to the areas after orange juice, sucrose or an equimolar mixture of fructose and glucose (63%, 45%, and 54% of the glucose area respectively) (Fig. 3 ) also can be explained by the composition of the carbohydrate in these meals. It also is apparent that the fibre present in the whole apple did not significantly influence the plasma glucose response. This is compatible with other data which indicate that the fibre present in naturally occurring foods has little effect on the postmeal glucose response [25] .
The rather modest glucose increase following the ingestion of lactose (Fig. 8 ) was somewhat surprising, and is not readily explained by the composition of lactose or by current knowledge regarding the metabolism of lactose. In Caucasians, who generally are not milk intolerant, the rate of lactose hydrolysis in the intestine apparently exceeds the rate at which the products, glucose and galactose, can be absorbed [26] . Both glucose and galactose are rapidly absorbed, and galactose can readily be converted to glucose in the liver [271. However, the quantitative importance of galactose conversion into glucose versus the storage of both galactose and glucose as glycogen has not been studied. Our observation of a maximal rise in glucose concentration at 1 h and the return to the fasting concentration by 3 h suggest that neither a delayed hydrolysis of lactose nor a delayed absorption of glucose can explain the results.
In addition, skim milk ingestion resulted in a plasma glucose curve which was almost identical to that after lactose ingestion, even though the insulin increase was nearly four times greater. The observed insulin area was nearly five times greater than the insulin area predicted by the glucose response.
The larger glucose area resulting from ice cream ingestion can be explained by the presence of glucose and sucrose in addition to lactose in this food product. The fat present might be expected to reduce the glucose response. However, in normal subjects the presence of a high fat content in a meal did not significantly affect the post-meal glucose curve after a single meal. It did reduce the glucose response to a second and third meal given the same day [291.
Overall, the data we have obtained to date would indicate that the single meal plasma glucose response is characteristic for each type of mono-or disaccharide in a food, and is little influenced by other constituents present in these meals.
The serum insulin response to the various carbohydrate foods was of considerable interest. If the plasma glucose excursion is used as a predictor of the serum insulin excursion, large discrepancies are observed be-tween the predicted and observed insulin values. This must be due to additional insulin secretagogues which are released in response to the meal. The differences between predicted and observed insulin response were particularly striking for fructose (4-fold), and skim milk (5-fold).
Fructose has been reported to potentiate glucose stimulation of insulin release in an isolated rat islet preparation [31] . In addition, the effectiveness of nonglucose insulin secretogogues such as arginine and isoproterenol have been shown to potentiate insulin secretion in the presence of an elevated glucose concentration. Galactose apparently does not stimulate insulin secretion directly or potentiate the effects of glucose on insulin secretion [32] . However, as we have demonstrated previously, animal protein is a potent insulin secretogogue in untreated Type 2 diabetic patients [3] . Thus, the presence of protein in milk and ice cream could largely explain the greatly increased insulin areas observed.
As we have pointed out previously [3, 28, 29, 33] , these large increases in insulin concentration may have only a modest effect on the first meal glucose area, but may considerably reduce the glucose area of subsequent meals of the same composition ingested later in the day.
The present data, as well as previous data, indicate the need to consider the circulating insulin response to foods as well as the glycaemic response in designing a diet for non-insulin-requiring diabetic patients.
